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(54) Balloon catheter with lobated balloon and method for manufacturing such a catheter 

(57) The invention relates to a catheter comprising 
a tube-like basic body with a proximal and a distal end 
and an expandable balloon member arranged close to 
the distal end to the basic body. The balloon member 
comprises a number of relatively stiff sections extending 
on a small diameter in a longitudinal direction of the 
basic body and relatively pliable sections extending in 
between, wherein the relatively pliable sections form 
lobes in an expanded state of the balloon member. 
The invention furthermore relates to a method for man- 
ufacturing a catheter according to the invention, wherein 
a piece of tube-like basic material is provided and, by 
blow moulding, a balloon member is made in a mould, 
which is arranged to the basic material. The balloon 
member is manufactured in the mould cavity of a mould, 
the cross-section of which is lobated, by receiving a 
tube-like semi manufacture inside it and deforming it by 
blow moulding into a shape corresponding to that of the 
shape of the mould cavity. 




CO 
CO 

CO 

o 

Q. 
LU 




Primed by Rank Xerox (UK) Business Services 
2.13.8/3.4 



1 



EP 0 737 488 A1 



2 



Description 

The invention relates to a catheter comprising in the 
usual mann r a tube-like basic body with a proximal and 
a distal end and an expandable balloon member s 
arranged close to the distal end to the basic body. 

Such balloon catheters, e.g. known from WO 
95/1 7223, are for instance used for the purpose of dilat- 
ing narrowed blood vessels. During treatment the bal- 
loon is advanced via a blood vessel of the patient to the w 
constriction, where it is expanded by supplying a liquid 
or gas under pressure from the proximal end to the bal- 
loon, as a result of which the blood vessel will be dilated 
at that site. 

With this treatment it is often necessary that the is 
balloon is kept in its expanded state for a certain period 
of time. In the known catheter grooves are formed in the 
balloon to prevent that during this time the blood vessel 
is occluded completely, as a result of which the tissue 
cells upstream from the expanded balloon would be 20 
deprived of nourishment and oxygeri. When the dilata- 
tion treatment would take up too much time the tissue in 
question could be damaged. 

With the catheter according to the invention, as 
characterized in claim 1, this effect is further improved. 25 
In the expanded state the lobes carry out the dilatation, 
while in between the lobes channels are formed through 
which a sufficient amount of blood can flow. The risk 
that the tissue upstream receives too little nourishment 
and/or oxygen is consequently removed. 30 

An additional advantage of the stiff bands in 
between the lobes is that they will display an axial burst- 
ing direction when too much pressure is applied to the 
material of which the balloon has been made. The axial 
tatters will not damage the blood vessel on removal of 
the balloon. 

The relatively stiff parts of the balloon member 
could be formed by manufacturing them so as to have a 
greater thickness, or by making them for example of a 
fibre-reinforced or cross-linked thermoplastic material 
respectively. Preferably the measure as set out in claim 
2 is however employed. The total, unexpanded diameter 
of the balloon can consequently remain small. 

A very suitable embodiment is characterized in 
claim 3. When the balloon is of the pre-formed type, the 
lob s will be able to fold properly, on deflation of the bal- 
loon, against the basic body. 

The invention also relates to and provides a method 
for manufacturing a catheter as described above. This 
method is characterized in claim 5. The basic material 
which does not expand in the mould cavity, as it is posi- 
tioned against the inwardly protruding ridges of the 
lobated mould cavity, retains a relatively greater thick- 
ness so that it remains r latively stiff. The intermediate 
sections which have expanded into the lob s, will obtain 
a thinner wall and will consequently become relatively 
pliable. 



Preferably the method as set out in claim 6 is 
employed. The relatively stiff parts can consequently 
obtain a suitable stiffness. 

By employing the measur as s t out in claim 7, a 
balloon member can be manufactured of which the r I- 
atively stiff sections and the lobes extend in a helical 
pattern as a result of which this balloon becomes prop- 
erly foldable. 

The invention is explained in greater detail in the fol- 
lowing description with reference to the attached draw- 
ings. 

Figure 1 is a simplified view of a balloon catheter 
according to the invention during treat- 
ment. 

Figure 2 is a partly broken away perspective view of 
a distal end : section of a catheter according 
to a first embodiment of the invention, in 
which case the balloon member is unex- 
panded. 

Figure 3 illustrates the balloon member of figure 2 in 
expanded state. 

Figure 4 shows a balloon member of the pre-formed 
type in un- expanded state. 

Figure 5 illustrates schematically the method 
according to the invention. 

Figure 6 is a partial view of another embodiment of 
the catheter according to the invention. 

Figure 7 is a partial view of yet another embodi- 
ment. 

The catheter 1 according to the invention shown in 
figure 1 comprises a tube-like basic body with a proxi- 
mal end 3 and a distal end 4. The distal end 4 is pro- 
vided with a balloon member 5. 

The balloon member 5 has in the illustrated 
expanded state a number of lobes 8 with channels 9 
formed in between. In the illustrated position of use, the 
balloon member 5 of the catheter 1 has been positioned 
at a constriction formed by deposits 7 inside a blood 
vessel 6 of a patient. By expanding the balloon member 
5 the constriction is treated in a manner known as such. 
As during the expansion of the balloon member 5 chan- 
nels 9 are formed in between the lobes 8, flow through 
the blood vessel 6 will hot be blocked completely. As 
has been indicated with the arrows, blood can still flow 
through the blood vessel 6, also in the expanded state 
of the balloon 5, so that tissue located upstream from it 
is not starved of oxygen and nourishment during treat- 
ment. 

Figure 2 and 3 show in greater detail the distal end 
of an embodiment of the catheter according to the 
invention: figure 2 in unexpanded state and figure 3 in 
expanded state. 

The catheter 10 in these figures comprises a basic 
body 1 1 which has been assembled form an outer tube- 
like body and an inner tube-like body 13 received in a 
lumen 18 thereof. At the distal end the inner tube-like 
body 13 is connected with the outer tube-like body 12 



40. 



AS 



'so 



2 



3 



EP 0 737 488 A1 



4 



around its entire circumference. A balloon member 14 
has been arranged to the outer tube-like body 12. With 
both ends it has been conn cted with the circumference 
of the tube-lik body 12. 

As has been indicated in the f igures 2 and 3 the ba!- s 
loon member 14 comprises a number of relatively stiff 
sections 16 extending substantially in the longitudinal 
direction of the basic body 1 1 and relatively pliable sec- 
tions 15 extending in between. 

For the purpose of expanding the balloon 14 a liq- 10 
uid or gas under pressure is supplied via the lumen 18 
from the proximal end. This medium under pressure 
flows via the openings 17 in the wall of the outer tube- 
like body 12 into the balloon member 14. As a result of 
the supplied pressure, the relatively pliable sections 15 is 
of the balloon member 14 expand into lobes 21 as 
shown in figure 3. Channels 20 remain in between the 
lobes 21, as the relatively stiff sections 16 do not 
expand or expand less. 

The relatively stiff sections 16 can be formed 20 
because the material of the balloon member 14 has dif- 
ferent properties to that of the sections 15. The rela- 
tively stiff sections 16 can also be formed by connecting 
them in a longitudinal direction with the outer tube-like 
element 12 of the basic body 11, whereas the interme- 25 
diate. relatively pliable sections 1 5 will not be connected 
with the basic body and can consequently expand 
freely. . 

The balloon member 14 can have been manufac- 
tured of an elastic material, so that the relatively pliable 30 
sections 15 stretch on expansion into the lobes 21 
shown in figure 3. It is also possible to pre-form the bal- 
loon, as a result of which it will obtain the expanded 
form but can be folded into a smaller diameter. Such an 
embodiment has been illustrated in figure 4. The cathe- 35 
ter 25 has a balloon member 26 with pre-formed lobes 
27. By rotating the balloon member 26 in the direction 
indicated by the arrow, the unexpanded lobes are folded 
against the basic body, so that at the distal end the cath- 
eter will obtain a relatively small cross-section. In this 40 
state the balloon member can be introduced into a 
patient. 

Figure 5 illustrates schematically a method for man- 
ufacturing a balloon member for a catheter according to 
the invention. With the method shown here a balloon 45 
member 30 of the pre-formed type is manufactured. For 
this purpose a mould 31 is used which comprises, in 
this example of an embodiment, four mould-sections 
32,33 movable in relation to one another. In the four 
mould-sections 32, 33 a mould cavity is defined which so 
has four lobes in cross-section. The lobes are bounded 
each time on either side by ridges 34 protruding 
inwardly inside the mould cavity. 

For the purpose of forming the balloon 30, a piece 
of tube-like basic material is placed inside the mould 55 
cavity and the mould-sections 31 , 32 are placed against 
each other, so that the mould cavity is defined. Next the 
material of which the semimanufacture has been made 
is heated and an overpressure is generated inside it, as 



a result of which this material will expand and place 
itself against the wall of th mould cavity. The balloon 30 
will thus obtain the shape corresponding to that of the 
mould cavity. After cooling, the balloon member 30 can 
be taken from the mould. 

According to the illustrated preferred embodiment, 
the semimanufacture has been formed with, in cross- 
section, alternating sections 35, 36 made of relatively 
stiff and pliable material respectively. The semimanufac- 
ture has been received in the mould 31 in such a way 
that the sections 35 containing relatively stiff material 
are positioned against the ridges 34. As a result only the 
relatively pliable sections 36 expand during moulding. 
The relatively stiff sections 35 form so to speak stiffen- 
ing ribs in the material of the balloon 30. The lobes 37 
are connected each time on both sides with such a stiff- 
ening rib. 

With the embodiment of the catheter 40 according 
to figure 6, the semimanufacture of which the balloon 41 
has been manufactured has been obtained by strip- 
shaped co-extrusion of relatively stiff material 44 and 
relatively pliable material 45. It is seen to that a good 
bond is obtained between the relatively stiff material 
and the relatively pliable material during co-extrusion. In 
a first section of the balloon 41 , with which it is con- 
nected to the basic body, the strips 44, 45 have been 
extruded in a helical pattern by using a rotating extru- 
sion head. In the expandable section of the balloon 41 
the co-extruded bands of material 44, 45 extend axialiy 
as during the manufacturing process of the semimanu- 
facture the rotating mould head has been stopped. Thus 
lobes 42 extending axialiy can be formed with bounded 
channels 43 in between. The end-section 47 first com- 
prises a section in which the bands of material extend in 
a helical pattern and finally an end-section 48 compris- 
ing only the relatively pliable material 45. The supply of 
the relatively stiff material 44 has been switched off dur- 
ing the extrusion of this end-section 48. 

With the catheter 50 of figure 7 the relatively stiff 
sections 51 extend in a helical pattern with a large pitch. 
Consequently the lobes 52 also extend in such a helical 
pattern. In the unexpanded state of this balloon, its 
lobes 52 can fold together into a small diameter, in par- 
ticular by twisting the balloon member in the unex- 
panded state around its longitudinal axis. The lobes 52 
are then folded closely against the basic body. 

With an embodiment not shown here in greater 
detail, the relatively stiff sections of the balloon can be 
made of a thermoplastic material containing fibrous 
reinforcement or by using material which can be cross- 
linked. If the latter is the case the balloon will be irradi- 
ated with for instance ultraviolet light or an electron 
beam. Consequently transverse connections are 
formed b tween the mol cul s as a result of which the 
relatively stiff sections of the balloon are formed. These 
types of material have a high tensile strength following 
irradiation and provide a high d gree of resistance 
against deformation when the balloon is being inflated. 
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The term "material" used in this application con- 
cerns both homogenous and non-homogenous materi- 
als. The non-homogenous materials include for 
instance materials containing fibrous reinforc ment or 
materials to which additives have been added which 
form transverse connections or cross-links between the 
molecules as a result of irradiation with for instance 
ultraviolet light or an electron beam in order to provide 
this material with a greater stiffness and tensile 
strength. 

Claims 

1. Catheter comprising a tube-like basic body with a 
proximal and a distal end and an expandable bal- 
loon member arranged close to the distal end of the 
basic body comprising a number of relatively stiff 
sections extending on a small diameter in a longitu- 
dinal direction of the basic body and relatively plia- 
ble sections extending in between, wherein the 
balloon member is pre-formed such that in an 
expanded form the relatively stiff sections remain 
substantially at the same diameter as in a non- 
expanded form and the relatively pliable sections 
form lobes. 

2. Catheter as claimed in claim 1, wherein the rela- 
tively stiff sections are formed by materials with a 
greater stiffness than the material of the relatively 
pliable sections. 

3. Catheter as claimed in claim 2, wherein the rela- 
tively stiff sections are formed by material contain- 
ing additives which have formed cross connections 
in the material at molecular level by irradiation with 
for instance ultraviolet light or an electron beam. 

4. Catheter as claimed in one of the previous claims, 
wherein the relatively stiff sections extend in a heli- 
cal pattern. 

5. Method for manufacturing a catheter according to 
one of the previous claims, comprising the provid- 
ing of a piece of tube-like basic material, the manu- 
facturing of a balloon member by blow moulding 
inside a mould and the arranging of the balloon 
member to the basic body, wherein the manufactur- 
ing of the balloon member comprises the providing 
of a mould with a mould cavity of which the cross- 
section is Ipbated, the receiving inside the mould of 
a tube-like semi manufacture being formed with, in 
cross-section, alternating sections of relatively stiff 
and relatively pliable material, positioning the semi- 
manufacture with the s ctions of relativ ly stiff 
material against inwardly protruding ridges of the 
lobated mould cavity, and the deformation of the 
semimanufacture by blow moulding until it corre- 
sponds to the shape of the mould cavity. 



6. Method as claimed in claim 5, wherein the semi- 
manufacture is manufactured by strip-like co-extru- 
sion of relatively stiff and relatively pliable mat rial. 

5 7. Method as claimed in claim 6, wherein the semi- 
manufacture is rotated in relation to an extrusion 
head during extrusion, so that the bands of material 
which are formed extend in a helical pattern. 
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